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(57) ABSTRACT 

Asemiconductor device having active regions connected by 
an interconnect line, Which includes ?rst and second tran 
sistors each having active regions and formed spaced apart 
from each other in a semiconductor substrate, an isolation 
region for isolating the ?rst and second transistors from each 
other, a slit formed in the isolation region to alloW those 
paired active regions of the ?rst and second transistors 

(21) APPL NO. 10/974 821 Which are opposed to each other With the isolation region 
’ interposed therebetWeen to communicate With each other 

(22) Filed; ()CL 28, 2004 through it, a conductive ?lm formed on the inner Walls of the 
slit, and an interconnect layer having ?rst and second 

Related US. Application Data portions, each of Which is electrically connected With a 
corresponding one of the paired active regions, and a third 

(62) Division of application No. 10/083,163, ?led on Feb. portion Which is formed along the slit on the isolation region 
27, 2002, noW Pat. No. 6,864,544. to connect the ?rst and second portions With each other. 
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SEMICONDUCTOR DEVICE HAVING ACTIVE 
REGIONS CONNECTED TOGETHER BY 

INTERCONNECT LAYER AND METHOD OF 
MANUFACTURE THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the 
bene?t of priority from the prior Japanese Application No. 
2001-392569, ?led Dec. 25, 2001, the entire contents of 
Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a semiconductor 
device having N- and P-channel MOS transistors and a 
method of manufacture thereof. More speci?cally, the 
present invention relates to a semiconductor device in Which 
MOS transistors have their active regions connected by an 
interconnect layer and a method of manufacture thereof. 

[0004] 2. Description of the Related Art 

[0005] The demand has increased for enhancing the per 
formance of LSI devices. In semiconductor process tech 
nology, on the other hand, advanced ?ne pattern techniques 
have been increasingly needed. Under these circumstances, 
it is essential to increase further the packing densities of LSI 
devices and, to this end, it is required to scale doWn the 
dimensions of devices as much as possible. 

[0006] LSI devices contain many interconnect patterns for 
electrically connecting adjacent regions, for eXample, n- and 
p-type regions. In this case, the n- and p-type regions are 
isolated from each other by a shalloW trench isolation region 
(hereinafter referred to as an STI) and electrically connected 
With each other by an overlying metal line. 

[0007] SRAMs (Static Random Access Memories) contain 
interconnect patterns, called local interconnects, for inter 
connection of sources, gate electrodes and drains of MOS 
transistors. The method of forming the local interconnects 
involves forming large opening in an interlayer dielectric 
?lm above the sources, gate electrodes and drains and ?lling 
the opening With a conductive material. 

[0008] FIG. 1 is a sectional vieW of a conventional 
semiconductor device that has local interconnects. As shoWn 
in FIG. 1, the device has a p-type substrate 51. In the 
substrate 51 a p-type Well region 52 and an n-type Well 
region 53 are provided. In the p-type Well region 52, n-type 
regions 55 are formed, Which Will be processed to provided 
the source and drain of an n-channel MOS transistor 54. In 
the n-type Well region 53, p-type regions 57 are formed, 
Which Will be processed to provide the source and drain of 
a p-channel MOS transistor 56. An STI 58 is formed in the 
substrate 51 to isolate the MOS transistors 52 and 53 from 
each other. A gate electrode 59 is formed above a portion of 
the substrate betWeen the paired n-type regions 55 of each of 
the MOS transistors 52 and a gate electrode 59 is formed 
above a portion of the substrate betWeen the paired p-type 
regions 57 of the MOS transistor 53. A gate electrode 59 of 
another device is also formed above the STI 58. An inter 
layer dielectric ?lm 60 is formed over the entire surface. An 
opening 61 is formed in the interlayer dielectric ?lm 60 so 
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that a portion of the n-type region 55 and the p-type region 
57 on the STI side of each of the MOS transistors 54 and 56 
and the gate electrode 59 above the STI 58 are eXposed. A 
local interconnect is formed by ?lling the opening 61 With 
a conductive material 62. 

[0009] To manufacture the semiconductor device of FIG. 
1, the opening 61 is made by means of reactive ion etching 
(RIE). That part of STI 58 that contacts the diffusion region 
is inevitably etched aWay. A leakage current Will ?oW 
betWeen the local interconnect and the substrate. 

[0010] A conventional semiconductor device having local 
interconnects is described in Japanese Unexamined Patent 
Publication No. 2000-114262. With this semiconductor 
device, paired active regions isolated by an STI are con 
nected together by an interconnect line, Which is formed 
through the use of selective groWth and selective etching 
techniques for silicon. 

[0011] As FIG. 2 shoWs, the p-type Well region 52 and the 
n-type Well region 53 are provided in the surface of the 
p-type substrate 51. As described above, the n-type region 
55 and the p-type region 57 are formed in the p-type Well 
region 52 and the n-type Well region 53, respectively. As 
speci?ed above, too, the n-type region 55 Will be processed 
to provided the source and drain of an n-channel MOS 
transistor 54, and the p-type region 57 Will be processed to 
provide the source and drain of a p-channel MOS transistor 
55. A ?lm of amorphous silicon is deposited over the entire 
surface of the substrate and then subjected to a selective 
groWth operation to form a ?lm of monocrystalline silicon. 
After that, the amorphous silicon ?lm in areas other than the 
interconnect-to-be-formed area is removed With the result 
that an interconnect 63 consisting of a silicide ?lm is left in 
the interconnect-to-be-formed area. This interconnect 63 is 
formed across the STI 58. 

[0012] With the semiconductor device shoWn in FIG. 2, 
there is no need of etching an interlayer dielectric ?lm to 
form an opening, preventing leakage current occurring 
betWeen the interconnect and the substrate as a result of the 
substrate being etched. 

[0013] HoWever, it is very dif?cult to leave the silicide 
?lm forming the interconnect 63 in a desired pattern. 

[0014] The conventional semiconductor device is advan 
tageous, hoWever. A junction leakage current may ?oW When 
the diffusion regions isolated from one another by the 
isolation regions are connected by interconnect layers. Fur 
ther, it is dif?cult to form the interconnect layers. 

BRIEF SUMMARY OF THE INVENTION 

[0015] According to an aspect of the present invention, 
there is provided a semiconductor device having active 
regions connected together by interconnect layers includes: 
?rst and second transistors formed spaced apart from each 
other in a semiconductor substrate, each of the ?rst and 
second transistors having active regions; an isolation region 
formed betWeen the ?rst and second transistors in the 
semiconductor substrate for isolating the ?rst and second 
transistors from each other; at least one slit formed in the 
surface of the isolation region to alloW those paired active 
regions of the ?rst and second transistors Which are opposed 
to each other With the isolation region interposed therebe 
tWeen to communicate With each other through it, the slit 
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having inner Walls and a predetermined Width; a conductive 
layer formed on the inner Walls of the slit; and an intercon 
nect layer having ?rst and second portions respectively 
formed on the paired active regions of the ?rst and second 
transistors so that each of them is electrically connected With 
a corresponding one of the paired active regions, and a third 
portion formed along the slit on the isolation region, the ?rst, 
second and third portions being made integral With one 
another. 

[0016] According to another aspect of the present inven 
tion, there is provided a method of manufacturing a semi 
conductor device having active regions connected together 
by an interconnect layer includes, forming ?rst and second 
device regions in a semiconductor substrate so that they are 
isolated from each other by an isolation region formed in the 
semiconductor substrate; forming at least one slit in the 
surface of the isolation region so that the ?rst and second 
device regions communicate With each other through it, the 
slit having inner Walls and a predetermined Width; deposit 
ing a conductive layer, Which includes of a material that can 
form a nucleus for epitaXial groWth, over the entire surface 
of the semiconductor substrate and then selectively remov 
ing the conductive layer so that it is left on the surface of a 
portion of each of the ?rst and second device regions and on 
the inner Walls of the slit; and covering the periphery of the 
conductive ?lm left on the portion of each of the ?rst and 
second device regions With a material serving as a block for 
epitaXial groWth and then epitaXially groWing a conductive 
?lm so as to form an interconnect layer having ?rst and 
second portions respectively located on the ?rst and second 
device regions and a third portion located on the isolation 
region to run along the slit, the ?rst, second and third 
portions being made integral With one another. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF DRAWING 

[0017] FIG. 1 is a sectional vieW of a conventional 
semiconductor device; 

[0018] FIG. 2 is a sectional vieW of another conventional 
semiconductor device; 

[0019] FIG. 3 is a perspective vieW of a portion of a 
semiconductor device according to a ?rst embodiment of the 
present invention; 

[0020] FIGS. 4A, 4B, 4C, 4D, 4F and 4G are sectional 
vieWs, in the order of manufacturing step, of the semicon 
ductor device shoWn in FIG. 3; 

[0021] 
FIG. 3; 

[0022] FIG. 6 is a perspective vieW of a portion of a 
semiconductor device according to a second embodiment of 
the present invention; 

[0023] FIGS. 7A, 7B, and 7C are sectional vieWs, in the 
order of manufacturing step, of the semiconductor device 
shoWn in FIG. 6; 

[0024] FIG. 8 is a perspective vieW of a portion of a 
semiconductor device according to a third embodiment of 
the present invention; 

[0025] FIGS. 9A, 9B, 9C and 9D are sectional vieWs, in 
the order of manufacturing step, of the semiconductor device 
shoWn in FIG. 8; 

FIG. 5 is a sectional vieW taken along line 5-5 in 
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[0026] FIG. 10 is a perspective vieW of a portion of a 
semiconductor device according to a fourth embodiment of 
the present invention; and 

[0027] FIGS. 11A and 11B are sectional vieWs, in the 
order of manufacturing step, of the semiconductor device 
shoWn in FIG. 10. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0028] Referring noW to FIG. 3, there is illustrated, in 
perspective vieW, a portion of a semiconductor device 
according to a ?rst embodiment of the present invention. 

[0029] The semiconductor device contains a p-type silicon 
substrate 11. In the surface of the substrate 11, a p-type Well 
region 12 and an n-type Well region 13 are provided. An STI 
14 is provided in the surface of the substrate 11, isolating the 
p-type Well region 12 and the n-type Well region 13 from 
each other. In the p-type Well region 12, an n-channel MOS 
transistor 15 is formed. In the n-type Well region 13, a 
p-channel MOS transistor 16 is formed. 

[0030] The n-channel MOS transistor 15 has tWo n-type 
diffusion regions 17 and a gate electrode 18. The diffusion 
regions 17 serve as the source and drain of the MOS 
transistor 15. The gate electrode 18 is made of, for eXample, 
polycrystalline silicon. The gate electrode 18 covers the 
channel region that lies betWeen the source and drain of the 
MOS transistor 15. The n-type diffusion regions 17 comprise 
tWo diffusion regions each. The diffusion regions 17 de?ne 
a deep junction and a shalloW junction, respectively. 

[0031] The p-channel MOS transistor 16 has tWo p-type 
diffusion regions 19 and a gate electrode 18. The diffusion 
regions 19 are provided in the n-type Well region 13 and 
serve as the source and drain of the MOS transistor 16, 
respectively. The gate electrode 18 is made of, for eXample, 
polycrystalline silicon. The gate electrode 18 covers the 
channel region that lies betWeen the source and drain of the 
MOS transistor 16. The p-type diffusion regions 19 comprise 
tWo diffusion regions each. The diffusion regions 19 de?ne 
a deep junction and a shalloW junction, respectively. 

[0032] Gate sideWall spacer 20, such as a silicon oXide 
?lm or silicon nitride ?lm, are formed on a sideWall of the 
gate electrodes 18 of the MOS transistors 15 and 16. 

[0033] As Will be described later, the STI 14 is formed 
With one slit that alloWs the n-type diffusion region 17 and 
the p-type diffusion region 19 located on opposite sides of 
the STI to communicate With the other. The slit has inner 
Walls and a given Width. The slit is formed on the inner Walls 
With a conductive layer made of the same material as the 
gate electrode 18, namely, polysilicon. The slit is formed so 
that its bottom does not reach the bottom of the STI 14. 

[0034] The n-type diffusion region 17 and the p-type 
diffusion region 19, Which are opposed to each other With 
the STI 14 interposed therebetWeen, are respectively formed 
on top With a ?rst portion 22a and a second portion 22b of 
an interconnect layer 22 made of a silicon-containing mate 
rial and formed by means of epitaXial groWth techniques. 
The ?rst portion 22a of the interconnect layer 22 is electri 
cally connected With the n-type diffusion regions 17, 
Whereas the second portion 22b is electrically connected 
With the p-type diffusion region 19. Athird portion 22c of the 
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interconnect layer 22 is formed across the STI 14 to run 
along the slit in the STI. The third portion 22c is made 
integral With the ?rst and second portions 22a and 22c. 

[0035] The interconnect layer 22 is a stacked layer includ 
ing, for example, a silicon layer and a metal silicide layer 
laid on the silicon layer. The layer 22 may includes a 
silicon-germanium alloy layer and a metal silicide layer 
lying on the silicon-germanium alloy layer. The upper 
surface region of the gate electrode 18 may be a silicide 
layer. 
[0036] A method of manufacturing the semiconductor 
device constructed as shoWn in FIG. 3 Will be described 
next in conjunction With FIGS. 4A through 4G and FIG. 5. 

[0037] First, as shoWn in FIG. 4A, a ?lm 31 of silicon 
nitride and a ?lm 32 of silicon oxide are deposited in 
sequence on the surface of a silicon semiconductor substrate 
11 of, say, p-type conductivity. Next, a PEP process is 
carried out to leave a composite ?lm 33 of the silicon nitride 
?lm 31 and the silicon oxide ?lm 32 in a desired pattern. 
Then, using the remaining composite ?lm 33 as a mask, the 
substrate 11 is subjected to anisotropic etching—for 
example, reactive ion etching (RIE)—to form a device 
isolation trench 34 200 to 350 nm deep in it. 

[0038] Next, as shoWn in FIG. 4B, a dielectric ?lm 35, 
such as a silicon oxide ?lm, is deposited over the entire 
surface of the substrate by means of, for example, CVD to 
?ll the trench 34. 

[0039] Subsequently, as shoWn in FIG. 4C, the surface of 
the substrate is smoothed by CMP (Chemical Mechanical 
Polishing). 
[0040] Next, as shoWn in FIG. 4D, the silicon nitride ?lm 
31 is removed by being processed With phosphoric acid 
heated to, say, 160° C. to thereby form an STI 14. 

[0041] Next the p-type Well region 12 and the n-type Well 
region 13 are formed in the surface of the substrate 11. 

[0042] Subsequently, as shoWn in FIG. 4E, to form the 
aforementioned slit, the substrate is coated With a resist layer 
having such a pattern as to expose the area of the STI 14 
Where the slit is to be formed and then subjected to reactive 
ion etching using the resist layer as a mask to etch back the 
dielectric ?lm 35 Within the STI 14 to a depth of 30 to 100 
nm, Whereby a slit 36 is formed. The Width W of the slit is 
set to, say, 0.03 to 0.1 pm. The minimum value, 0.03 pm, of 
the Width of the slit corresponds to the minimum dimension 
determined by processing accuracy. The maximum value of 
0.1 pm corresponds to the maximum Width of the slit that 
can be ?lled up With the third portion 22c of the interconnect 
layer 22. 

[0043] Next, impurity ions are implanted into those parts 
of the substrate that Will be the channel regions of the 
n-channel, and p-channel MOS transistors. The threshold 
voltages of the MOS transistors are thereby adjusted to 
desired values. A gate insulating ?lm 37 is then formed at a 
thickness of 0.5 to 3.0 pm over the entire surface by means 
of thermal oxidation or LP-CVD. A?lm 38 of polysilicon is 
then deposited over the entire surface at a thickness of 50 to 
200 pm. An etching mask is then formed to pattern the 
polysilicon ?lm 38 by means of photolithography, X-ray 
lithography, or e-beam lithography. The polysilicon ?lm 38 
is then etched by means of reactive ion etching (RIE) using 
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that mask, Whereby a gate electrode 18 is formed as shoWn 
in FIG. 4F. After the etching process, the polysilicon ?lm 38 
remains on the inner Walls of the slit 36. 

[0044] A silicon nitride ?lm may be deposited after the 
gate insulating ?lm 37 and the polysilicon ?lm 38 have been 
deposited. In this case, the silicon nitride ?lm may be etched 
and the polysilicon ?lm 38 may be then etched, in the 
process of forming the gate electrode 18. Then, a capping 
layer 21, Which is a silicon nitride ?lm, remains on the gate 
electrode 18 as is illustrated in the perspective vieW of FIG. 
4F. This capping layer 21 can be used as a block for the 
subsequent epitaxial groWth. 
[0045] Instead of forming the capping layer 21, a silicon 
containing material may be formed on the gate electrode 18 
by the subsequent epitaxial groWth. 
[0046] The step of forming the Well region and the step of 
implanting impurity ions to adjust the threshold voltages of 
the MOS transistors may be carried out before the slit 36 is 
made. 

[0047] As the gate insulating ?lm 37, use may be made of 
not only silicon oxide but also any other dielectric, such as 
silicon oxynitride, silicon nitride, or tantalum oxide (TaZOS). 

[0048] With no epitaxial groWth on the gate electrode 18, 
instead of the polysilicon ?lm, a gate electrode may be 
formed With a metal gate structure in Which TiN or WN is 
used as a barrier metal layer and W is further used. Alter 
natively, the gate electrode 18 may be formed from an alloy 
of silicon and germanium. 

[0049] Thereafter, a post oxide ?lm having a thickness of 
0.5 to 6 pm is formed on the entire surface of the resultant 
structure. Then, n-type impurity ions are implanted into the 
p-type Well region 12, forming a ?rst n-type diffusion region 
17a that has a shalloW junction. P-type impurity ions are 
implanted into the n-type region 13, forming a ?rst p-type 
diffusion region 19a that has a shalloW junction. 

[0050] Next, as shoWn in FIG. 4G, a gate sideWall mate 
rial is deposited over the entire surface by means of LP-CVD 
and then etched back through reactive ion etching (RIE) to 
thereby form the gate sideWall spacers 20. The gate sideWall 
spacers may be made of silicon nitride, silicon oxide, or a 
composite thereof. 

[0051] Next, after natural oxide has been removed by 
high-temperature treatment in a hydrogen atmosphere, the 
selective groWth of single-crystal silicon is carried out 
through epitaxial groWth techniques. For example, by heat 
ing the entire structure to 650 to 800° C. in a hydrogen 
atmosphere in a reactor and introducing a reactant gas, such 
as SiH4, SiH2Cl2, or SiHCl3, together With hydrogen into the 
reactor, single-crystal silicon is groWn on exposed areas of 
the Si substrate 11. It is also possible to groW an alloy of 
silicon and germanium rather than silicon. 

[0052] By this epitaxial groWth process, as shoWn in FIG. 
3, an interconnect layer 22 of single-crystal silicon is formed 
on the n-type diffusion region 17 and the p-type diffusion 
region 19. In particular, ?rst and second portions 22a and 
22b of the interconnect layer 22 are respectively formed on 
the n-type diffusion regions 17 and the p-type diffusion 
region 19 on opposite sides of the STI 14. 

[0053] During the epitaxial groWth process, the epitaxial 
groWth progresses With the polysilicon ?lm 38 remaining on 
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the inner Walls of the slit 36 Within the STI 14 as a nucleus. 
As a result, a ?lm of silicon grows in the slit 36 so as to ?rst 
?ll it up and then protrude therefrom, Whereby a third 
portion 22c of the interconnect layer 22 is formed to run 
along the slit 36. Finally, the third portion 22c is made 
integral With the ?rst and second portions 22a and 22b. 

[0054] If the capping layer 21 remains intact, diluted 
hydro?uoric acid is applied to the layer 21, removing the 
same. Then, n-type impurities are made to diffuse from the 
interconnect layer 22 into the p-type Well region 12, and 
p-type impurities are made to diffuse from the interconnect 
layer 22 into the n-type Well region 13. As a result, a second 
diffusion region 17b and a second diffusion region 19b are 
formed, both having a deep junction. At the same time, 
impurities are introduced into the gate electrode 18. 

[0055] FIG. 5 is a sectional vieW taken along line 5-5 in 
FIG. 3. A ?lm of metal, such as Ti, Co, Ni, or Pd, is formed 
on the interconnect layer 22 and then subjected to heat 
treatment, Whereby a layer 40 of metal silicide is formed on 
the interconnect layer 22. When an alloy of silicon and 
germanium is groWn during the selective groWth process to 
form the interconnect layer 22, the alloy layer is converted 
to the metal silicide layer 40. 

[0056] The ?lm of metal, such as Ti, Co, Ni, or Pd, is 
formed on the gate electrode 18, then the alloy layer is 
formed on the gate electrode 18. 

[0057] According to the semiconductor device and the 
method of manufacture thereof of the ?rst embodiment, the 
interconnect layer 22 to connect together the n-type diffu 
sion region 17 of the n-channel MOS transistor 15 and the 
p-type diffusion region 19 of the p-channel MOS transistor 
16, Which are located on opposite sides of the STI 14, is 
formed continuously on those active regions and the STI. 
That is, there is no need of forming any contact in the edge 
portion of the STI, alloWing the junction leakage problem to 
be resolved. 

[0058] Furthermore, there is no need of securing space for 
the formation of contacts on active regions, alloWing the 
circuit area to be reduced greatly. Depending on the occu 
pied area of the third portion 22c of the interconnect layer 22 
to connect together the diffusion regions 17 and 19 on 
opposite sides of the STI 14, SRAMs are alloWed to have 
their circuit area reduced by 10 to 20 percent. 

[0059] In FIG. 6, there is illustrated, in perspective vieW, 
part of a semiconductor device according to a second 
embodiment of the present invention. The second embodi 
ment differs only in part from the ?rst embodiment. In FIG. 
6, therefore, parts corresponding to those in FIG. 3 are 
denoted by like reference numerals, and descriptions thereof 
are omitted. Only the difference from FIG. 3 Will be 
described beloW. 

[0060] The semiconductor device of FIG. 6 differs from 
that of FIG. 3 in that the Width W of the third portion 22c 
of the interconnect layer 22, namely, the dimension of the 
third portion 22c in the direction perpendicular to the 
direction in Which the ?rst and second portions 22a and 22b 
are arranged, is made larger than in the semiconductor 
device of FIG. 3. 

[0061] To make the Width, W, of the third portion 22c of 
the interconnect layer 22 larger than that in FIG. 3, the 
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semiconductor device of FIG. 6 has tWo or more slits 36 
formed in the STI 14 so that they run betWeen the n-type 
diffusion regions 17 and the p-type diffusion layer 19 located 
on opposite side of the STI. Each of the slits 36 has inner 
Walls and a given Width. A conductive layer of polysilicon 
is formed on the inner Walls of the respective slits. The slits 
are formed so that their depth is less than that of the STI 14. 

[0062] The method of manufacturing the semiconductor 
device thus constructed Will be described next. 

[0063] Up to the formation of the STI 14 in the substrate 
11, the process steps remain unchanged from those 
described in conjunction With FIGS. 4A through 4D in the 
?rst embodiment and hence descriptions thereof are omitted. 

[0064] In order to form the slits as shoWn in FIG. 7A after 
the formation of the STI 14 in the substrate 11, a layer of 
resist is coated onto the substrate and then patterned to 
de?ne exposed areas of the STI Which correspond to the 
slits. Subsequently, the trench-?lling dielectric ?lm 35 is 
etched back by 30 to 100 pm by means of reactive ion 
etching using the resist layer as a mask, Whereby the parallel 
slits 36 are formed. In this example, three slits are formed. 
The Width of these slits is set to, say, 0.03 to 0.1 pm as in the 
?rst embodiment. 

[0065] Next, as described previously in connection With 
FIG. 4F, impurity ions are implanted in portions of the 
substrate that form the channel regions of the p-channel and 
the n-channel MOS transistors for threshold adjustment, and 
a gate insulating ?lm 37 is deposited over the entire surface 
at a thickness of 0.5 to 3.0 pm by means of thermal oxidation 
or LP-CVD. Subsequently, a ?lm 38 of polysilicon is 
deposited over the entire surface at a thickness of 50 to 200 
pm and then an etching mask for patterning the silicon ?lm 
38 is formed through photolithography, X-ray lithography, 
or e-beam lithography. Subsequently, the polysilicon ?lm 38 
is etched by means of reactive ion etching using the mask to 
de?ne a gate electrode 18 as shoWn in FIG. 7B. At this point, 
the polysilicon ?lm 38 is left on the inner Walls of the 
respective slits 36. 

[0066] As shoWn in FIG. 7C and described previously in 
connection With FIG. 4F, a capping layer 21 of silicon 
nitride is alloWed to remain on the gate electrode 18. This 
capping layer 21 can be used as a block for the subsequent 
epitaxial groWth. Instead of forming the capping layer 21, a 
silicon-containing layer may be formed on the gate electrode 
18 by the subsequent epitaxial groWth. 

[0067] As the gate insulating ?lm 37, use may be made of 
not only silicon oxide but also any other dielectric, such as 
silicon oxynitride, silicon nitride, or tantalum oxide (TaZOS). 

[0068] With no epitaxial groWth on the gate electrode 18, 
instead of the polysilicon ?lm, a gate electrode may be 
formed With a metal gate structure in Which TiN or WN is 
used as a barrier metal layer and W is further used. Alter 
natively, the gate electrode 18 may be formed from an alloy 
of silicon and germanium. 

[0069] After that, a post oxide ?lm of thickness 2 to 6 pm 
is formed over the entire surface through thermal oxidation 
and then n-type and p-type impurity ions are selectively 
implanted in the p-type Well region 12 and the n-type Well 
region 13, respectively, thereby forming the ?rst diffusion 
regions 17a and 19b having shalloW junctions. 
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[0070] Next, as shown in FIG. 7C, a gate sidewall mate 
rial is deposited over the entire surface by means of LP-CVD 
and then etched back through reactive ion etching (RIE) to 
thereby form gate sidewall spacers 20. The gate sideWall 
spacers 20 may be made of silicon nitride, silicon oxide, or 
a composite thereof. 

[0071] Next, the high-temperature treatment is carried out 
in a hydrogen atmosphere to remove natural oxide and then 
the selective groWth of single-crystal silicon is carried out 
using epitaxial groWth techniques. For example, by heating 
the entire structure to 650 to 800° C. in a hydrogen atmo 
sphere in a reactor and introducing a reactant gas, such as 
SiH4, SiH2Cl2, or SiHCl3, together With hydrogen into the 
reactor, single-crystal silicon is groWn on exposed areas of 
the Si substrate 11. It is also possible to groW an alloy of 
silicon and germanium rather than silicon. 

[0072] By this epitaxial groWth process, as shoWn in FIG. 
6, an interconnect layer 22 of single-crystal silicon is formed 
on the n-type and p-type diffusion regions 17 and 19. In 
particular, ?rst and second portions 22a and 22b of the 
interconnect layer 22 are formed on the n-type diffusion 
region 17 and the p-type diffusion region 19 on opposite 
sides of the STI 14, respectively. 

[0073] During the epitaxial groWth process, the epitaxial 
groWth progresses With the polysilicon ?lm 38 remaining on 
the inner Walls of the slits 36 Within the STI 14 as a nucleus. 
As a result, silicon groWs in each of the slits 36 so as to ?rst 
?ll it up and then protrude therefrom. The groWth of silicon 
further progresses, so that silicon ?lms protruding from the 
slits 36 are made integral With one another, Whereby a third 
portion 22c of the interconnect layer 22 is formed to run 
along the slits 36. Finally, the third portion 22c is made 
integral With the ?rst and second portions 22a and 22b. 

[0074] If the capping layer 21 remains intact, diluted 
hydro?uoric acid is applied to the layer 21, removing the 
same. Then, n-type impurities are made to diffuse from the 
interconnect layer 22 into the p-type Well region 12, and 
p-type impurities are made to diffuse from the interconnect 
layer 22 into the n-type Well region 13. As a result, a second 
diffusion region 17b and a second diffusion region 19b are 
formed, both having a deep junction. At the same time, 
impurities are introduced into the gate electrode 18. 

[0075] After that, as described in connection With FIG. 5, 
a ?lm of metal, such as Ti, Co, Ni, or Pd, is formed on the 
interconnect layer 22 and then subjected to heat treatment, 
Whereby a layer 40 of metal silicide is formed on the 
interconnect layer 22. The ?lm of metal, such as Ti, Co, Ni, 
or Pd, is formed on the gate electrode 18, then the alloy layer 
is formed on the gate electrode 18. When an alloy of silicon 
and germanium is groWn during the selective groWth process 
to form the interconnect layer 22, the alloy layer is also 
converted to the metal silicide layer 40. 

[0076] The semiconductor device and the method of 
manufacture thereof according to the second embodiment 
provide the same advantages as the ?rst embodiment. In 
addition, the Width of the third portion 22c that connects the 
?rst and second portions 22a and 22b of the interconnect 
layer 22 is made larger than in the case of FIG. 3, alloWing 
the resistance of the interconnect layer 22 connecting 
together the n-type and the p-type diffusion regions 17 and 
19 to be rendered loWer than in the case of FIG. 3. 
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[0077] FIG. 8 illustrates, in perspective vieW, part of a 
semiconductor device according to a third embodiment of 
the present invention. The third embodiment differs only in 
part from the second embodiment shoWn in FIG. 6. In FIG. 
8, therefore, parts corresponding to those in FIG. 6 are 
denoted by like reference numerals and descriptions thereof 
are omitted. Only the difference from FIG. 6 Will be 
described beloW. 

[0078] The semiconductor device of FIG. 8 differs from 
that of FIG. 6 in that a gate electrode 18 of another MOS 
transistor is formed above the STI 14, a contact plug 41 is 
formed on the third portion 22c of the interconnect layer 22, 
a contact plug 42 is formed on the gate electrode 18 of the 
other MOS transistor, and an upper interconnect layer 43 is 
formed to connect together the contact plugs 41 and 42, 
Whereby the third portion 22c of the interconnect layer 22 
and the gate electrode 18 of the other MOS transistor are 
connected together. 

[0079] The method of manufacturing the semiconductor 
device thus constructed Will be described next. 

[0080] Up to the formation of the STI 14 in the substrate 
11, the process steps remain unchanged from those shoWn in 
FIGS. 4A through 4D in the ?rst embodiment and hence 
descriptions thereof are omitted. 

[0081] In order to form the slits as shoWn in FIG. 9A after 
the formation of the STI 14 in the substrate 11, a layer of 
resist is coated onto the substrate and then patterned to 
de?ne exposed areas of the STI Which correspond to the 
slits. Subsequently, the trench-?lling dielectric ?lm 35 is 
etched back by 30 to 100 pm by means of reactive ion 
etching using the resist layer as a mask, Whereby the slits 36 
are formed to run in parallel With one another. In this 
example, three slits are formed. The Width W of these slits 
is set to, say, 0.03 to 0.1 pm as in the ?rst embodiment. 

[0082] Next, impurity ions are implanted into those parts 
of the substrate that Will be the channel regions of the 
n-channel, and p-channel MOS transistors. The threshold 
voltages of the MOS transistors are thereby adjusted to 
desired values and a gate insulating ?lm 37 is deposited over 
the entire surface at a thickness of 0.5 to 30pm by means of 
thermal oxidation or LP-CVD. Subsequently, a ?lm 38 of 
polysilicon is deposited over the entire surface at a thickness 
of 50 to 200 pm and then an etching mask for patterning the 
silicon ?lm 38 is formed through photolithography, X-ray 
lithography, or e-beam lithography. Subsequently, the poly 
silicon ?lm 38 is etched by means of reactive ion etching 
using the mask to de?ne a gate electrode 18 as shoWn in 
FIG. 9B. After this etching step, the gate electrode 18 is 
formed on the STI 14 as Well. The polysilicon ?lm 38 has 
been left on the inner Walls of the respective slits 36. As 
shoWn in FIG. 9B and described in connection With FIG. 
4F, a capping layer 21 of silicon nitride is alloWed to remain 
on each of the gate electrodes 18. This capping layer 21 can 
be used as a block for the subsequent epitaxial groWth. 
Instead of forming the capping layer 21, a silicon-containing 
material layer may be formed on the gate electrode 18 by the 
subsequent epitaxial groWth. 
[0083] As the gate insulating ?lm 37, use may be made of 
not only silicon oxide but also any other dielectric, such as 
silicon oxynitride, silicon nitride, or tantalum oxide (TaZOS). 

[0084] With no epitaxial groWth on the gate electrode 18, 
instead of the polysilicon ?lm, a gate electrode may be 
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formed With a metal gate structure in Which TiN or WN is 
used as a barrier metal layer and W is further used. Alter 
natively, the gate electrode 18 may be formed from an alloy 
of silicon and germanium. 

[0085] Thereafter, a post oxide ?lm having a thickness of 
0.5 to 6 pm is formed on the entire surface of the resultant 
structure. Then, n-type impurity ions are implanted into the 
p-type Well region 12, forming a ?rst n-type diffusion region 
17a that has a shalloW junction. P-type impurity ions are 
implanted into the n-type region 13, forming a ?rst p-type 
diffusion region 19a that has a shalloW junction. 

[0086] Next, as shoWn in FIG. 9C, a gate sideWall mate 
rial is deposited over the entire surface by means of LP-CVD 
and then etched back through reactive ion etching (RIE) to 
thereby form gate sideWall spacers 20. The gate sideWall 
spacers 20 may be made of silicon nitride, silicon oxide, or 
a composite thereof. 

[0087] Next, the high-temperature treatment is carried out 
in a hydrogen atmosphere to remove natural oxide and then 
selective groWth of single-crystal silicon is carried out 
through epitaxial groWth techniques. For example, by heat 
ing the entire structure to 650 to 800° C. in a hydrogen 
atmosphere in a reactor and introducing a reactant gas, such 
as SiH4, SiH2Cl2, or SiHCl3, together With hydrogen into the 
reactor, single-crystal silicon is groWn on exposed areas of 
the Si substrate 11. It is also possible to groW an alloy of 
silicon and germanium rather than silicon. 

[0088] By this epitaxial groWth process, as shoWn in FIG. 
9D, an interconnect layer 22 of single-crystal silicon is 
formed on the n-type and p-type diffusion regions 17 and 19. 
In particular, ?rst and second portions 22a and 22b of the 
interconnect layer 22 are formed on the n-type diffusion 
region 17 and the p-type diffusion region 19 on opposite 
sides of the STI 14, respectively. 

[0089] During the epitaxial groWth process, the epitaxial 
groWth progresses With the polysilicon ?lm 38 remaining on 
the inner Walls of the slits 36 Within the STI 14 as a nucleus. 
As a result, silicon groWs in each of the slits 36 so as to ?rst 
?ll it up and then protrude therefrom. The groWth of silicon 
further progresses, so that silicon ?lms protruding from the 
slits 36 are made integral With one another, Whereby a third 
portion 22c of the interconnect layer 22 is formed to run 
along the slit 36. Finally, the third portion 22c is made 
integral With the ?rst and second portions 22a and 22b. 

[0090] If the capping layer 21 remains intact, diluted 
hydro?uoric acid is applied to the layer 21, removing the 
same. Then, n-type impurities are made to diffuse from the 
interconnect layer 22 into the p-type Well region 12, and 
p-type impurities are made to diffuse from the interconnect 
layer 22 into the n-type Well region 13. As a result, a second 
diffusion region 17b and a second diffusion region 19b are 
formed, both having a deep junction. At the same time, 
impurities are introduced into the gate electrode 18. 

[0091] After that, as described in connection With FIG. 5, 
a ?lm of metal, such as Ti, Co, Ni, or Pd, is formed on the 
interconnect layer 22 and then subjected to heat treatment, 
Whereby a layer 40 of metal silicide is formed on the 
interconnect layer 22. Subsequently, impurities are intro 
duced into the interconnect layer 22 through the metal 
silicide layer 40. When an alloy of silicon and germanium is 
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groWn during the selective groWth process to form the 
interconnect layer 22, the alloy layer is also converted to the 
metal silicide layer 40. 

[0092] Subsequently, an interlayer insulating ?lm is 
deposited over the entire surface and then openings are 
formed in the interlayer insulating ?lm to expose portions of 
the third portion 22c of the interconnect layer 22 and the gate 
electrode 18 formed above the STI 14 Where the contact 
plugs 41 and 42 are to be formed. Further, a metal for the 
upper interconnect layer is deposited over the entire surface 
and then patterned, thereby forming the contact plugs 41 and 
42 and the upper interconnect layer 43 as shoWn in FIG. 8. 

[0093] The semiconductor device and the method of 
manufacture thereof according to the third embodiment 
provide the same advantages as the ?rst embodiment. In 
addition, the third portion 22c that connects the ?rst and 
second portions 22a and 22b of the interconnect layer 22 is 
large in Width, alloWing the contact plug 41 to be formed 
readily on that portion. 

[0094] FIG. 10 illustrates, in perspective vieW, part of a 
semiconductor device according to a fourth embodiment of 
the present invention. The fourth embodiment differs only in 
part from the third embodiment shoWn in FIG. 8. In FIG. 
10, therefore, parts corresponding to those in FIG. 8 are 
denoted by like reference numerals and descriptions thereof 
are omitted. Only the difference from FIG. 8 Will be 
described beloW. 

[0095] The semiconductor device of FIG. 10 differs from 
that of FIG. 8 in that the third portion 22c of the interconnect 
layer 22 is formed to ride on that gate electrode 18 of the 
other transistor Which is located above the STI 14 While 
being electrically connected thereWith. In this embodiment, 
as Well as in the embodiments described so far, the third 
portion 22c is formed to run along the slits 36 in the STI 14 
and is made integral With the ?rst and second portions 22a 
and 22b of the interconnect layer 22. 

[0096] The method of manufacturing the semiconductor 
device thus constructed Will be described beloW. 

[0097] Up to the formation of the STI 14 in the substrate 
11, the process steps remain unchanged from those 
described in conjunction With FIGS. 4A through 4D in the 
?rst embodiment and hence descriptions thereof are omitted. 

[0098] Further, up to the formation of the second diffusion 
regions 17b and 19b having deep junctions, the process steps 
remain basically unchanged from those described in con 
nection With FIGS. 9A through 9C and hence descriptions 
thereof are omitted. As can be seen from FIGS. 9C and 11A, 
the fourth embodiment differs from the third embodiment 
only in that the gate electrode 18 of the other MOS transistor 
is formed With a length suf?cient to cross the slits 36 in the 
direction in Which the STI 14 extends. In this embodiment 
as Well, When deposited to form the gate electrodes 18, the 
polysilicon ?lm 38 is deposited onto the inner Walls of the 
respective slits 36 as Well. 

[0099] As shoWn in FIG. 11A, a gate sideWall material is 
deposited over the entire surface by means of LP-CVD and 
then etched back through reactive ion etching (RIE) to 
thereby form gate sideWall spacers 20. The gate sideWall 
spacers 20 may be made of silicon nitride, silicon oxide, or 
a composite thereof. Subsequently, n-type impurity ions are 
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implanted into the p-type Well region 12, forming a ?rst 
n-type diffusion region 17a that has a shallow junction. 
P-type impurity ions are implanted into the n-type region 13, 
forming a ?rst p-type diffusion region 19a that has a shalloW 
junction, 
[0100] Next, as shoWn in FIG. llB, the gate sideWall 
spacers 20 are selectively removed in the position on the STI 
14 Where that gate electrode and the slits 36 intersect. 

[0101] After that, the interconnect layer 22 is epitaXially 
groWn. If the capping layer 21 remains intact, diluted 
hydro?uoric acid is applied to the layer 21, removing the 
same. Then, n-type impurities are made to diffuse from the 
interconnect layer 22 into the p-type Well region 12, and 
p-type impurities are made to diffuse from the interconnect 
layer 22 into the n-type Well region 13. As a result, a second 
diffusion region 17b and a second diffusion region 19b are 
formed, both having a deep junction. At the same time, 
impurities are introduced into the gate electrode 18. Then, as 
described in connection With FIG. 5, a ?lm of metal, such 
as Ti, Co, Ni, or Pd, is formed on the interconnect layer 22 
and subjected to heat treatment, Whereby a layer 40 of metal 
silicide is formed on the interconnect layer 22. The ?lm of 
metal, such as Ti, Co, Ni, or Pd, is formed on the gate 
electrode 18, then the alloy layer is formed on the gate 
electrode 18. When an alloy of silicon and germanium is 
groWn instead of silicon at the time of selective groWth to 
form the interconnect layer 22, the alloy layer is also 
converted to the metal silicide layer 40. 

[0102] The semiconductor device and the method of 
manufacture thereof according to the fourth embodiment 
provide the same advantages as the ?rst embodiment. In 
addition, since the third portion 22c of the interconnect layer 
22 can effect the same function as the contact plugs 41 and 
42 and the upper interconnect layer 43 in the third embodi 
ment shoWn in FIG. 8, the n-type diffusion region 17 and the 
p-type diffusion region 19 and the gate electrode 18 of the 
other MOS transistor can be connected together Without 
using the contact plugs and the upper interconnect layer. 

[0103] In the embodiments described above, although the 
embodiments have been described as the diffusion regions of 
MOS transistors Which are connected by the interconnect 
layer 22 being of opposite conductivity type, this is not 
restrictive. The diffusion regions of MOS transistors of the 
same conductivity types may be connected together by the 
interconnect layer. 

[0104] The interconnect layer 22 connects tWo diffusion 
regions that serve as the source and drains of each MOS 
transistor. The interconnect layer 22 may be used to connect 
tWo conductive layers that are diffusion regions formed in 
the substrate, isolated by an STI. 

[0105] In the embodiment described above, the substrate 
is a p-type one. Nonetheless, an n-type substrate may be 
used in the present invention. 

[0106] Additional advantages and modi?cations Will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the speci?c 
details and representative embodiments shoWn and 
described herein. Accordingly, various modi?cations may be 
made Without departing from the spirit or scope of the 
general inventive concept as de?ned by the appended claims 
and their equivalents. 
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1-22. (canceled) 
23. A method of manufacturing a semiconductor device 

having active regions connected together by an interconnect 
layer comprising: 

forming ?rst and second device regions in a semiconduc 
tor substrate so that they are isolated from each other by 
an isolation region formed in the semiconductor sub 
strate; 

forming at least one slit in the surface of the isolation 
region so that the ?rst and second device regions 
communicate With each other through it, the slit having 
inner Walls and a predetermined Width; 

depositing a conductive layer, Which includes a material 
that can form a nucleus for epitaxial groWth, over the 
entire surface of the semiconductor substrate and then 
selectively removing the conductive layer so that it is 
left on the surface of a portion of each of the ?rst and 
second device regions and on the inner Walls of the slit; 
and 

covering the periphery of the conductive ?lm left on the 
portion of each of the ?rst and second device regions 
With a material serving as a block for epitaXial groWth 
and then epitaXially groWing a conductive ?lm so as to 
form an interconnect layer having ?rst and second 
portions respectively located on the ?rst and second 
device regions and a third portion located on the 
isolation region to run along the slit, the ?rst, second 
and third portions being made integral With one 
another. 

24. The method according to claim 23, Wherein one slit is 
formed in the isolation region. 

25. The method according to claim 23, Wherein a plurality 
of slits is formed in the isolation region in parallel With one 
another. 

26. The method according to claim 23, Wherein the slit has 
a minimum value of its Width set to the minimum dimension 
determined by processing accuracy and a maXimum value 
set such that the slit can be substantially ?lled up With the 
third portion of the interconnect layer. 

27. The method according to claim 26, Wherein the 
minimum value of the slit Width is 0.03 pm and the maXi 
mum value is 0.1 pm. 

28. The method according to claim 23, Wherein the slit is 
formed so that its bottom does not reach the bottom of the 
isolation region. 

29. The method according to claim 23, Wherein the 
conductive ?lm includes a silicon-containing ?lm. 

30. The method according to claim 29, Wherein the 
silicon-containing ?lm is a polysilicon ?lm. 

31. The method according to claim 23, Wherein the 
interconnect layer is formed to have a stacked structure 
including a loWer layer of silicon and an upper layer of metal 
silicide. 

32. The method according to claim 23, Wherein the 
interconnect layer is formed to have a stacked structure 
including a loWer layer of an alloy of silicon and germanium 
and an upper layer of silicon-germanium alloy silicide. 

33. The method according to claim 23, further comprising 
forming a contact portion on the third portion of the inter 
connect layer. 
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34. A method of manufacturing a semiconductor device 
having active regions connected together by an interconnect 
layer comprising: 

forming ?rst and second device regions in the surface of 
a semiconductor substrate so that they are isolated from 
each other by an isolation region formed in the semi 
conductor substrate; 

forming at least one slit in the surface of the isolation 
region so that the ?rst and second device regions 
communicate With each other through it, the slit having 
inner Walls and a predetermined Width; 

depositing a conductive ?lm, Which includes a material 
that can form a nucleus for epitaxial groWth, over the 
entire surface of the semiconductor substrate and then 
selectively removing the conductive ?lm so that it is 
left on the surface of a portion of each of the ?rst and 
second device regions and the isolation region and the 
inner Walls of the slit; 

covering the periphery of the conductive ?lm left on the 
portion of each of the ?rst and second device regions 
and the isolation region With a material serving as a 
block for epitaxial groWth; 

selectively removing, of the block forming material cov 
ering the conductive material left on the portion of the 
isolation region, its portion Which is located in the 
vicinity of the slit; and 

epitaXially groWing a conductive ?lm so as to form an 
interconnect layer having ?rst and second portions 
respectively located on the ?rst and second device 
regions and a third portion located on the isolation 
region to run along the slit and ride on the conductive 
?lm on the portion of the isolation region having the 
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block forming material removed, the ?rst, second and 
third portions being made integral With one another. 

35. The method according to claim 34, Wherein one slit is 
formed in the isolation region. 

36. The method according to claim 34, Wherein a plurality 
of slits is formed in the isolation region in parallel With one 
another. 

37. The method according to claim 34, Wherein the slit has 
a minimum value of its Width set to the minimum dimension 
determined by processing accuracy and a maXimum value 
set such that the slit can be substantially ?lled up With the 
third portion of the interconnect layer. 

38. The method according to claim 37, Wherein the 
minimum value of the slit Width is 0.03 pm and the maXi 
mum value is 0.1 pm. 

39. The method according to claim 34, Wherein the slit is 
formed so that its bottom does not reach the bottom of the 
isolation region. 

40. The method according to claim 34, Wherein the 
conductive ?lm is a silicon-containing ?lm. 

41. The method according to claim 40, Wherein the 
silicon-containing ?lm is a polysilicon ?lm. 

42. The method according to claim 34, Wherein the 
interconnect layer is formed to have a stacked structure 
including a loWer layer of silicon and an upper layer of metal 
silicide. 

43. The method according to claim 34, Wherein the 
interconnect layer is formed to have a stacked structure 
including a loWer layer of an alloy of silicon and germanium 
and an upper layer of silicon-germanium alloy silicide. 

44. The method according to claim 34, further comprising 
forming a contact portion on the third portion of the inter 
connect layer. 


